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QuesFons	  we	  want	  to	  address	  concerning	  
dust	  and	  its	  sources:	  
1.  Where	  are	  located	  the	  hot	  spots?	  	  
2.  Do	  they	  have	  a	  geomorphologic	  signature?	  
3.  Is	  there	  an	  anthropogenic	  signature?	  

To	  answer	  these	  quesFons:	  
1.   DetecFon	  of	  the	  locaGon	  and	  frequency	  of	  dust	  events	  

globally	  	  
2.   AMribuFon	  of	  geomorphologic	  and	  land	  use	  origin	  
3.   ContribuFon	  from	  each	  source	  types	  to	  dust	  emission	  



DetecGon	  

	  Three	  criteria	  applied	  to	  MODIS	  Aqua	  Deep	  Blue	  
Level	  2	  aerosol	  products	  to	  extract	  Dust	  
OpGcal	  Depth	  (DOD)	  	  

1.  Low	  Angstrom	  exponent:	  Coarse	  mode	  
parGcles	  

2.  Increasing	  single	  scaSering	  albedo	  with	  
wavelength:	  Dust	  is	  more	  absorbing	  inthe	  
blue	  than	  red	  

Global	  daily	  dust	  opGcal	  depth	  (DOD)	  at	  0.10x0.10	  from	  
2000	  for	  MODIS	  on	  Terra,	  and	  2003	  for	  MODIS	  on	  Aqua	  



Global	  annual	  mean	  M-‐DB2	  AOD	  &	  DOD	  
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Comparison	  M-‐DB2	  C6	  Dust	  OpGcal	  Depth	  (DOD)	  with	  collocated	  (+/-10	  km,	  +/-‐	  30	  min)	  	  
AERONET	  SDA	  L2	  (O’Neill	  et	  al.,	  J.	  Geophys.	  Res.,	  2003)	  Coarse	  Mode	  opGcal	  depth	  
(COD)	  	  

Comparison	  with	  AERONET	  



Frequency	  of	  Occurrence	  (FoO)	  of	  DOD>0.2	  



Dust	  sources=maxima	  of	  Frequency	  of	  Occurrence	  
MODIS	  DB	  DOD>0.2,	  TOMS	  AI,	  and	  OMI	  AI>0.5	  

Overlapping	  of	  FoO	  TOMS	  (Blue)	  and	  OMI	  AI	  (Green),	  except	  East	  Asia	  
Overlapping	  M-‐DB2	  (red	  shading)	  and	  TOMS/OMI	  AI	  in	  most	  places,	  
except	  	  US	  High	  Plains.	  

Dust	  Sources	  



FOO MDB2 v6.0 FLG=1 DOD > 0.75 (2003-2014)
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Baddock	  et	  al.,	  Geophys.	  Res.	  Le>.,	  2015	  

Geomorphology	  of	  most	  acGve	  sources:	  
	  Case	  of	  Chihuahuan	  desert	  

Ephemeral	  lakes	  

Sand	  dunes	  

Most	  acGve	  and	  intense	  natural	  dust	  
sources	  are	  associated	  with	  3	  
geomorphological	  surfaces:	  
1.  ephemeral	  lakes,	  
2.  sand-‐dunes,	  
3.  unconsolidated	  dry	  lakes.	  

Unconsolidated	  dry	  lakes	  



Dust	  sources	  are	  aSributed	  a	  natural,	  anthropogenic	  or	  
hydrologic	  origin	  based	  on	  the	  fracGon	  of	  	  
1.   Land	  use:	  	  
• agriculture	  +pasture	  	  for	  2000	  
• Dataset:	  HYDE3	  10x10km	  Klein	  Goldewijk,	  GBC,	  2001	  
Anthropogenic	  	   	  if	  land	  use	  >	  30%	  
Natural	  	   	   	  if	  land	  use	  <	  30%	  
	  

2.   Ephemeral	  water	  bodies:	  	  	  
• ephemeral	  lakes,	  rivers,	  shallow	  lakes	  
• dataset:	  1x1km	  MODLAND	  
Hydrologic 	   	  if	  water	  body	  >	  10%	  	  

ASribuGon	  



FoO	  and	  Land	  Use	  Datasets	  

Green:	  Pasture	  
Tan:	  Cropland	  
Magenta:	  5%	  FoO	  
Orange:	  25%	  FoO	  



Annual	  mean	  FoO	  M-‐DB2	  DOD>	  0.2	  

Ginoux	  et	  al.,	  Rev.	  Geophys.	  2012	  



Observed	  mixing	  of	  dust	  and	  NH3	  over	  cropland	  

Annual	  mean	  MODIS	  DB	  dust	  and	  IASI	  NH3	  (Clarisse	  et	  al.,	  Nature	  2009)	  

Ginoux	  et	  al.,	  ACP,	  2012	  

Globally	  20%	  of	  dust	  load	  is	  mixed	  with	  NH3	  over	  cropland	  
=>	  anthropogenic	  dust	  mixed	  with	  ammoniated	  salts.	  



Collocated	  IASI	  NH3	  
retrievals	  and	  AERONET	  
sunphotometers	  inversion	  
data	  	  (Dubovik	  et	  al.,	  
2002)	  in	  Sahel	  (Zinder)	  and	  
India	  (Jodhpur)	  
	  
Coarse	  Mode	  ExFncFon	  
Efficiency	  (CMEE)	  
decreases	  up	  to	  50%	  with	  
increasing	  NH3.	  
	  

Dependency	  of	  mass	  exGncGon	  efficiency	  on	  NH3	  

Ginoux	  et	  al.,	  Atm.	  Chem.	  Phys.,	  2012	  



Dust	  flux	  =	  C	  S	  v2	  (v	  –	  vt)	  	  [kg	  m-‐2	  s-‐1]	  	  (Ginoux	  et	  al.,	  2001)	  

C=	  2	  10-‐9	  kg	  m-‐5	  s2	  

vt=	  6-‐10	  m	  s-‐1	  threshold	  of	  wind	  erosion	  
	  

v	  :	  10-‐meter	  wind	  speed	  (GFDL	  HIRAM	  	  ~25km)	  

S=[0-‐1]	  	  MODIS	  DB	  FoO	  with	  seasonal	  variaGon	  

Emissions	  



Natural	  &	  Anthropogenic	  annual	  emissions	  
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Figure 2. Annual mean burden of NO�
3 , NO�

3 on dust, NH+
4 , and NH3 in mgNm�2 in AM3N from

2008 to 2010. Global burdens are indicated inset. The location of the Bondville site is indicated
by a black cross.
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Paulot	  et	  al.,	  Atm.	  Chem.	  Phys.,	  2015	  

Anthropogenic	  dust	  and	  nitrate	  

ACPD
15, 25739–25788, 2015

Sensitivity of nitrate
optical depth to

ammonia emissions
and nitrate chemistry

F. Paulot et al.

Title Page

Abstract Introduction

Conclusions References

Tables Figures

J I

J I

Back Close

Full Screen / Esc

Printer-friendly Version

Interactive Discussion

D
i
s
c
u
s
s
i
o
n

P
a

p
e
r

|
D

i
s
c
u
s
s
i
o
n

P
a

p
e
r

|
D

i
s
c
u
s
s
i
o
n

P
a

p
e
r

|
D

i
s
c
u
s
s
i
o
n

P
a

p
e
r

|

Figure 2. Annual mean burden of NO�
3 , NO�

3 on dust, NH+
4 , and NH3 in mgNm�2 in AM3N from

2008 to 2010. Global burdens are indicated inset. The location of the Bondville site is indicated
by a black cross.
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Burden	  of	  fine	  mode	  nitrate	  and	  nitrate	  on	  dust	  using	  GFDL	  CM3	  model	  
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Figure 10. Annual mean NO�
3 optical depth at 550 nm in AM3N (top left panel) and its relative

sensitivity to the treatment of NH3 emissions, NO�
3 production, and loss in % for 2008–2010

conditions. The change in NO�
3 optical depth relative to AM3N is indicated in the bottom left for

each configuration. The sensitivity is only shown in regions, where NO�
3 optical depth is greater

than 0.005.
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Figure 10. Annual mean NO�
3 optical depth at 550 nm in AM3N (top left panel) and its relative

sensitivity to the treatment of NH3 emissions, NO�
3 production, and loss in % for 2008–2010

conditions. The change in NO�
3 optical depth relative to AM3N is indicated in the bottom left for

each configuration. The sensitivity is only shown in regions, where NO�
3 optical depth is greater

than 0.005.
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%	  change	  of	  nitrate	  opGcal	  depth	  by	  
neglecGng	  HNO3	  uptake	  on	  dust	  

NeglecGng	  heterogeneous	  
chemistry	  on	  dust	  results	  in	  30%	  
increased	  nitrate	  	  opGcal	  depth	  in	  
anthropogenic	  dusty	  regions,	  
although	  globally	  it	  represents	  only	  
13%	  overesGmaGon.	  	  



• 	  MODIS	  Deep	  Blue	  aerosol	  products	  are	  well	  suited	  to	  study	  dust	  events:	  
ResoluGon,	  global	  coverage,	  spectral	  data	  with	  strong	  variaGon	  of	  dust	  
absorpGon	  (blue/red).	  

• 	  FoO	  of	  MODIS	  DOD	  allows	  to	  detect	  hot	  spots.	  These	  hot	  spots	  are	  oqen	  
associated	  with	  ephemeral	  lakes	  with	  nearby	  sand	  sheets.	  

• 	  CollocaGon	  of	  MODIS	  DOD	  and	  IASI	  NH3	  plumes	  indicates	  global	  extend	  of	  
dust	  from	  agriculture,	  which	  affects	  dust	  properGes	  with	  a	  reducGon	  of	  mass	  
exGncGon	  efficiency	  as	  NH3	  burden	  increases.	  

• .	  Anthropogenic	  sources	  account	  for	  25%	  global	  emissions,	  with	  large	  regional	  
differences:	  lowest	  (highest)	  contribuGon	  in	  North	  Africa	  (Australia).	  However,	  
there	  is	  large	  uncertainGes	  with	  the	  selecGon	  of	  the	  land	  use	  dataset.	  

• 	  Including	  HNO3	  uptake	  on	  dust	  decreases	  nitrate	  opGcal	  depth	  by	  ~13%	  
globally,	  and	  regionally	  by	  30%	  when	  associated	  with	  land	  use	  dust.	  

Conclusions	  


